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Emerging in November 2021, the SARS-CoV-2 Omicron variant of concern exhibited marked immune eva-
sion resulting in reduced vaccine effectiveness against SARS-CoV-2 infection and symptomatic disease.
Most vaccine effectiveness data on Omicron are derived from the first Omicron subvariant, BA.1, which
caused large waves of infection in many parts of the world within a short period of time. BA.1, however,
was replaced by BA.2 within months, and later by BA.4 and BA.5 (BA.4/5). These later Omicron subvari-
ants exhibited additional mutations in the spike protein of the virus, leading to speculation that they
might result in even lower vaccine effectiveness. To address this question, the World Health
Organization hosted a virtual meeting on December 6, 2022, to review available evidence for vaccine
effectiveness against the major Omicron subvariants up to that date. Data were presented from South
Africa, the United Kingdom, the United States, and Canada, as well as the results of a review and
meta-regression of studies that evaluated the duration of the vaccine effectiveness for multiple
Omicron subvariants. Despite heterogeneity of results and wide confidence intervals in some studies,
the majority of studies showed vaccine effectiveness tended to be lower against BA.2 and especially
against BA.4/5, compared to BA.1, with perhaps faster waning against severe disease caused by BA.4/5
after a booster dose. The interpretation of these results was discussed and both immunological factors
(i.e., more immune escape with BA.4/5) and methodological issues (e.g., biases related to differences in
the timing of subvariant circulation) were possible explanations for the findings. COVID-19 vaccines still
provide some protection against infection and symptomatic disease from all Omicron subvariants for at
least several months, with greater and more durable protection against severe disease.

� 2023 Elsevier Ltd. All rights reserved.
1. Background and meeting objectives

The World Health Organization (WHO) declared the Omicron
variant, first detected in South Africa, as a variant of concern on
November 26, 2021 due to its high transmissibility and immune
evasion potential [1]. These early cases were mostly the BA.1
lineage. Within one month, studies from the United Kingdom,
Denmark, Canada, and South Africa showed that the vaccine
effectiveness (VE) in real-world settings of the primary series of
COVID-19 vaccines was lower against BA.1 infection and symp-
tomatic disease compared to previous circulating variants [2–6].
Data showed that primary series VE against hospitalization was
also lower compared to previous circulating variants of concern,
though higher than the VE against infection and symptomatic dis-
ease [6]. A booster dose improved VE over the primary series
against all BA.1-related outcomes, but was still lower when com-
pared to booster dose VE for previous circulating variants. Lower
VE for Omicron was confirmed by many subsequent studies; more-
over, further evidence suggested that there was rapid waning of
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protection against infection and symptomatic disease due to
Omicron [7,8].

Other Omicron subvariant lineages, which had additional muta-
tions in the spike protein compared with BA.1, started cocirculat-
ing in early 2022 and soon replaced BA.1 as the predominant
Omicron lineage [9,10]. Subvariant BA.2 dominated in South Africa
by late January and globally by March [11,12]. After BA.2 had
become predominant, BA.4 and BA.5 began to increase in preva-
lence [11]. BA.4 and BA.5 were first detected in South Africa in Jan-
uary and February 2022, respectively; by early July, BA.4 made up
11 % of global cases and BA.5 made up 52 % of global cases [9,10].
BA.5 descendent lineages remained predominant globally through
the end of November 2022, with a global prevalence of 74 % [13].

Given the different spike protein mutations that defined subse-
quent Omicron subvariants, there was concern that vaccines might
have lower VE to these subvariants compared to BA.1. However,
measuring such decreases in VE can be challenging for several rea-
sons. First, if VE is only slightly decreased for these subvariants, it
might not be detected from inadequately powered studies. Second,
due to the speed with which Omicron subvariants have replaced
each other, contemporaneous measurements of different subvari-
ants during the same period in one geographic setting have rarely
been possible. Moreover, because genomic sequencing has
declined, few studies have had enough molecular characterization
of infections to calculate VE in settings of co-circulation of subvari-
ants. Consequently, most studies that have assessed VE for multi-
ple subvariants have done so after each subvariant has become
predominant in the study setting. This leads to VE assessments in
different periods of time for different subvariants, which leads to
the potential for time-varying confounders to bias results.

To address whether VE differs by Omicron subvariant, and to
define which biases might affect the results, WHO held a virtual
meeting of the COVID-19 Vaccine Effectiveness Methods Forum
on December 6, 2022, to review the evidence from several studies
that assessed COVID-19 VE against Omicron subvariants. This
report summarizes the results of these studies, as well as other rel-
evant studies in the pre-print and published literature and dis-
cusses potential biases that should be considered when
interpreting VE results for Omicron subvariants. Of note, this
report covers the Omicron subvariants BA.1, BA.2 and BA.4/5, but
does not address VE for more recently emerging Omicron subvari-
ants (e.g., BQ.1.1, XBB).
2. Neutralization by Omicron subvariant

Multiple studies have clearly shown that there is significant
reduction in neutralization by vaccine-induced antibodies against
the Omicron variant of concern, compared to the ancestral SARS-
CoV-2 strain as well as prior variants of concern (i.e., Alpha, Delta)
[14–17]. Differences in neutralization among Omicron BA subvari-
ants, however, are minimal. A recent review of 178 studies that
summarized post-vaccination neutralization against multiple Omi-
cron subvariants showed that in general BA.2 subvariants had sim-
ilar neutralization capacity after booster dose vaccination
compared to BA.1, across all vaccines tested (i.e., mRNA, vector-
based, inactivated, protein subunit); the relative fold reduction in
neutralization of BA.2 compared to BA.1 was 0.9 [Inter-quartile
range (IQR) 0.7–1.2] [18]. However, neutralization titers against
BA.4/5 subvariants were lower compared to BA.1 (median 2.1 fold
reduction, IQR 1.5–3.1). Based on vaccine-induced neutralizing
antibodies, this study suggests that VE against symptomatic infec-
tion could be lower for BA.4/5 compared to the original BA.1 Omi-
cron subvariant. Of note, this difference in neutralization between
BA.1 and BA.4/5 is substantially less than the difference in neutral-
ization that was observed between BA.1 and previous variants of
2330
concern (e.g., Alpha and Delta) [19,20]. Also of note, this study
did not assess more recent Omicron subvariants, such as BQ.1.1
and XBB, nor did it assess cellular immunity.
3. Results on Omicron sub-variant VE from four sites presented
at meeting

During the meeting four studies that compared VE for multiple
Omicron subvariants were presented (Tables 1 and 2). Using data
from Discovery Health, a large medical care organization in South
Africa, adult cases of Omicron hospitalized during periods of com-
bined BA.1 and BA.2 (BA.1/2) and BA.4/5 predominance were com-
pared with test-negative controls from within the organization’s
hospitalized population [6,21]. Comparing absolute VE within
two-month time intervals since the most recent vaccine dose, VE
of the primary series of BNT162b2 (monovalent Pfizer-BioNTech)
tended to be 10–20 percentage points lower during the BA.4/5 per-
iod than the BA.1/2 period from 3 to 8 months after vaccination,
although with overlapping confidence intervals; no difference
was observed in VE after the first booster dose of BNT162b2, with
up to 8 months follow-up, and also no difference was observed fol-
lowing a second booster dose with up to 4 months follow-up.

In the United Kingdom, a test-negative case-control study was
undertaken among persons � 65 years old admitted to hospital
for two or more days with a respiratory code as the primary diag-
nosis during periods of BA.1, BA.2 and BA.4/5 predominance (up-
dated analysis based on published methods) [22–24]. Absolute
VE was calculated comparing persons receiving the first booster
dose with those unvaccinated. Primary series included ChAdOx1-
S (monovalent AstraZeneca), BNT162b2, or mRNA-1273 (monova-
lent Moderna), whereas the first booster dose was only the mRNA
vaccines; vaccines were combined in the analysis. VE was signifi-
cantly higher for BA.1 than both BA.2 and BA.4/5 at 2 weeks-to-
2 months and 3–5 months after the first booster dose. Moreover,
waning was substantially greater for BA.2 and BA.4/5 than BA.1
through 5 months. No difference was observed in VE between
BA.2 and BA.4/5 through 8 months after the first booster dose.

Data were presented from two surveillance platforms in the
United States of America. In the VISION multi-state network of
electronic health records, a test-negative design compared vacci-
nation status among test-positive cases and test-negative control
patients seeking care in an emergency department or urgent care
clinic (ED/UC), and separately among hospitalized patients. Among
immunocompetent adults � 18 years old, the absolute VE for
either BNT162b2 or mRNA-1273 was lower for ED/UC visits for
BA.2 and BA.4/5 compared to BA.1 after the primary series and
the first booster dose; the differences in VE by subvariant were lar-
ger when more time had elapsed since the last dose suggestive of
faster waning of VE against BA.2 and BA.4/5 [25,26]. For hospital-
ization, similar results were observed, with lower VE and faster
waning of VE for BA.2 and BA.4/5 compared to BA.1, although with
wider confidence intervals than for ED/UC visits. Of note, although
the analysis was stratified into two periods post-vaccination, the
median follow-up time within each period was longer during the
BA.2 and BA.4/5 periods, compared to the BA.1 period; for example,
for the hospitalization outcome in the period post-vaccination
indicated as ‘‘120 + days”, the median follow-up times since the
booster dose for BA.1, BA.2 and BA.4/5 were 135, 168, and 235 days,
respectively. These differences in median follow-up time could
translate into greater waning of VE having occurred by the time
the later subvariants were circulating. In the Increasing Commu-
nity Access to Testing (ICATT) program for community-testing at
pharmacies, a test-negative design undertaken during periods of
BA.1, BA.2 and BA.4/5 predominance, relative VE of BNT162b2 or
mRNA-1273 against symptomatic infection was calculated com-



Table 1
Primary series absolute VE by Omicron subvariant from studies that include subvariant-specific estimates over time since final dose.

Study (Country,
Vaccine)

Outcome Age group
(years)

Time interval
since last dose
used for VE estimate

Median of time interval
since last dose (days)

2 dose VE (95 % CI)

BA.1 BA.2* BA.1/BA.2* BA.4/BA.5

Chemaitelly et al
(Qatar, BNT162b2)
[29]

Symptomatic disease All ages 1–3 m 46.6 (33.4, 57.2) 51.7 (43.2, 58.9)
4–6 m 8.8 (-4.1, 20.1) 12.4 (3.8, 20.3)
�7 m �17.8 (-28.2, �8.2) �12.1 (�19.1, �5.5)

Chemaitelly et al
(Qatar, mRNA-1273)
[29]

1–3 m 71.0 (24.0, 89.0) 35.9 (-5.9, 61.2)
4–6 m 31.3 (19.1, 41.7) 9.9 (-0.3, 19.0)
�7 m �10.2 (–23.1, 1.3) �20.4 (-30.2, �11.2)

Collie et al
(South, Africa,
BNT162b2) [21]

Hospitalization
(excluding admissions
unlikely related to
COVID-19)

�18 14–27 d 80.3 (62.8, 89.5)
1–2 m 61.3 (54.7, 66.9)
3–4 m 56.3 (51.6, 60.5) 47.4 (19.9, 65.5)
5–6 m 45.6 (39.3, 51.3) 26.3 (7.1, 41.6)
7–8 m 38.4 (16.9, 54.4) 23.6 (11.1, 34.3)
�9 m 19.3 (6.3, 30.5)

Link-Gelles et al
(USA, any mRNA)
[25,26]

Emergency department
or urgent care
encounters for COVID-
like illness

�18 14–149 d 107 (BA.1),
104 (BA.2),
105 (BA.4/BA.5)

47 (44, 50) 51 (38, 60) 47 (33, 58)

�150 d 267 (BA.1),
352 (BA.2),
424 (BA.4/BA.5)

39 (37, 41) 12 (7, 17) 28 (24, 31)

Hospitalization with
COVID-like illness

14–149 d 105 (BA.1),
102 (BA.2)

68 (63, 73) 57 (19, 77)

�150 d 289 (BA.1),
371 (BA.2),
450 (BA.4/BA.5)

61 (58, 63) 24 (12, 35) 25 (17, 32)

Surie et al
(USA, any mRNA)
[30]

Hospitalization with
COVID-like illness

�18 14–150 d 111 (BA.1/BA.2), 102 (BA.4/BA.5) 63 (46, 75) 83 (35, 96)
�150 d 290 (BA.1/BA.2), 430 (BA.4/BA.5) 34 (20, 46) 37 (12, 55)

Tartof et al
(USA, BNT162b2)
[31,32]

Emergency department
admissions for acute
respiratory infection

�18 <6 m 42 (31, 52) 27 (-11, 52) 30 (-86, 74)
�6 m 19 (6, 31) 12 (-10, 31) 44 (20, 61)

Hospitalization for
acute respiratory
infection

<6 m 54 (38, 65) 56 (-2, 81)
�6 m 32 (16, 45) 56 (28, 73) �4 (-118, 50)

Grewal et al
(Canada, any mRNA)
[28]

Hospitalization due to
or partially due to
COVID-19

50–59 240–299 d 83 (76, 88) 87 (43, 97)
�300 d 83 (74, 89) 56 (30, 72)

60–69 �300 d 79 (71, 86) 43 (16, 61)
70–79 �300 d 80 (72, 86) 48 (25, 64)
� 80 �300 d 72 (62, 79) 40 (18, 56)

Abbreviations: VE = vaccine effectiveness, CI = confidence interval, d = days, m = months. *BA.2.12.1 was not distinguished from BA.2 for all included studies.
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Table 2
First booster dose absolute VE by Omicron subvariant from studies that include subvariant-specific estimates over time since final dose.

Study (Country,
Vaccine)

Outcome Age group
(years)

Time interval
since
last dose used for
VE estimate

Median of time interval
since last dose (days)

3 dose VE (95 % CI)

BA.1 BA.2* BA.1/BA.2* BA.4/BA.5

Chemaitelly et al
(Qatar, BNT162b2)
[29]

Symptomatic disease All ages <1 m 59.9 (51.2,
67.0)

43.7 (36.5, 50.0)

�1 m 40.5 (30.8,
48.8)

40.2 (34.2, 45.7)

Collie et al (South,
Africa, BNT162b2)
[21]

Hospitalization
(excluding admissions
unlikely related to
COVID-19)

�18 14–27 d – – 81.6 (68.1,
89.4)

1–2 m 66.4 (53.7,
75.6)

68.8 (59.5, 76.0)

3–4 m – – 50.0 (4.4, 73.9) 46.8 (35.3, 56.2)
UKHSA

(United Kingdom,
ChAdOx1-S + any
mRNA) [24]

Hospitalization
for � 2 days and
respiratory primary
diagnosis

�65 14 d � 2 m 87 (85, 88) 80 (77, 84) 76 (67, 83)
3–5 m 83 (81, 85) 68 (64, 72) 66 (59, 72)
6–8 m 59 (53, 64) 58 (52, 62)
9–11 m 55 (48, 60)
12–14 m 60 (41, 72)

Link-Gelles et al (USA,
any mRNA)
[25,26]

Emergency
department/ Urgent
care visit for COVID-
like illness

�18 7–119 d 66 (BA.1),
94 (BA.2),
77 (BA.4/BA.5)

84 (83, 85) 56 (51, 61) – 62 (54, 68)

�120 d 132 (BA.1),
166 (BA.2),
228 (BA.4/BA.5)

73 (68, 77) 26 (21, 30) 32 (29, 36)

Hospitalization with
COVID-like illness

7–119 d 72 (BA.1),
94 (BA.2),
76 (BA.4/BA.5)

92 (91, 93) 69 (58, 76) 68 (50, 80)

�120 d 132 (BA.1),
168 (BA.2),
235 (BA.4/BA.5)

85 (81, 89) 52 (44, 59) 36 (29, 42)

Surie et al
(USA, any mRNA
[30]

Hospitalization with
COVID-like illness

�18 7–120 d 80 (BA.1/BA.2), 74 (BA.4/BA.5) 79 (74, 84) 60 (12, 81)
�120 d 180 (BA.1/BA.2), 237 (BA.4/

BA.5)
41 (23, 55) 29 (3, 48)

Tartof et al (USA,
BNT162b2)
[31,32]

Emergency department
admissions for acute
respiratory infection

�18 <3 m 74 (69, 78) 59 (40, 72) 71 (18, 90)
3–5 m 36 (-3, 60)
�3 m 65 (56, 73) 5 (-21, 25)
�6 m 37 (8, 57)

Hospitalization for
acute respiratory
infection

<3 m 80 (74, 84) 74 (47, 87)
3–5 m 72 (13, 91)
�3 m 76 (69, 82) 70 (53, 81)
�6 m 38 (-31, 71)

Tseng et al (USA, any
mRNA) [33]

Infection �18 14–30 d 85.8 (82.7,
88.3)

BA.2: 61.0 (27.6, 79.0)
BA.2.12.1: 82.7 (44.2, 94.7)

BA.4: 72.6 (-54.7, 96.6)
BA.5: 90.6 (30.6, 98.7)

31–90 d 76.3 (73.9,
78.6)

BA.2: 41.2 (28.3, 51.8)
BA.2.12.1: 37.2 (14.1, 54.0)

BA.4: 0.7 (-53.6, 54.2)
BA.5: 57.0 (26.2, 75.0)

91–150 d 67.3 (62.0,
71.9)

BA.2: 10.8 (0.8, 19.8)
BA.2.12.1: 9.8 (-3.1, 21.2)

BA.4: 23.2 (-12.3, 48.3)
BA.5: 20.7 (-1.6, 38.2)

>150 d 54.9 (35.6,
68.4)

BA.2: �24.9 (–32.3, �16.7)
BA.2.12.1: �26.8 (-34.6,
�18.0)

BA.4: �16.4 (-35.8, 8.2)
BA.5: �17.9 (-29.6,
�4.2)
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paring those receiving the first booster dose with those receiving
the primary series at least five months ago [27]. Among 16–
49 year old persons, relative VEs for the three Omicron subvari-
ants were similar within the first two months following the last
dose, but by two-to-four months after the last dose waning VE
was markedly more pronounced for BA.2 and BA.4/5 compared
to BA.1; similar trends in VE were found for older age groups,
although with wider confidence intervals.

In Ontario, Canada, a study evaluated the absolute VE of
BNT162b2 or mRNA-1273 against severe outcomes (hospitaliza-
tion and deaths) using a test-negative design among immuno-
competent, non-institutionalized adults � 50 years old [28].
Stratified by BA.1/2 and BA.4/5 predominant periods, the absolute
VE was significantly lower in the BA.4/5 period > 300 days after
the primary series and 120–239 days after the first booster dose.
Of note, the VE estimates between the BA.1/2 and BA.4/5 predom-
inant periods were not significantly different in the first 120 days
after the booster dose. Results were presented for 70–79-year-
olds, although similar trends were observed among the other
age groups.
4. Summary of studies that assess VE of multiple Omicron
subvariants

In addition to the four individual studies presented at the
meeting, a summary was presented of all VE studies that com-
pared Omicron subvariants, as of December 6, 2022. Based on
an ongoing systematic review of COVID-19 VE studies, data from
those that evaluated primary series and/or first booster dose VE
against more than one Omicron subvariant and over more than
one discrete time interval since receipt of final dose were
extracted. Only studies that compared vaccinated persons to
unvaccinated persons (i.e., absolute VE) were included. Full inclu-
sion/exclusion criteria have been described elsewhere and are
available online at https://www.VIEW-hub.org. Eight studies
assessed VE of primary series or first booster dose vaccination
separately for at least two different Omicron subvariants (six
assessed VE of both primary series and booster dose vaccination
and two assessed VE of a booster dose only, Tables 1 and 2)
[21,24–26,28–33]. Results presented from the United Kingdom
Health Security Agency (UKHSA) are unpublished data of an
updated analysis using methods that have been described previ-
ously [22,23]. All studies assessed VE of two or three doses of
monovalent mRNA vaccines except for one study from the United
Kingdom which assessed the VE of a booster dose of primarily
monovalent mRNA vaccines (a small percentage of participants
received ChAdOx1-S for the booster dose) given after receipt of
a primary series of mRNA or ChAdOx1-S vaccines. In summarizing
the VE studies below, we report VE estimates by Omicron sub-
variants from individual studies as lower or higher if VE estimates
for different subvariants have non-overlapping confidence inter-
vals during at least one time interval of follow-up.
4.1. Primary series VE by Omicron subvariant

VE of primary series vaccination is shown in Table 1 and Fig. 1.
Of three studies that compared VE against SARS-CoV-2 infection
and/or symptomatic COVID-19 disease between BA.1 and BA.2
periods, two showed lower VE against BA.2 at 4–6 months
or � 5 months post final dose [26,29,31]. Of the two studies that
assessed VE against infection/symptomatic disease during BA.1
and BA.4/5 periods, one reported lower VE against A.4/5
at � 5 months post final dose [25,26,31,32]. Of the two studies
that assessed VE against infection/symptomatic disease during
BA.2 and BA.4/5 periods, one reported lower VE against BA.2 com-
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pared to BA.4/5 at � 5 months post final dose, although both VE
estimates were very low (12 % and 28 %, respectively), while the
second study showed no differences in VE [25,26,31,32]. Of two
studies reporting primary series VE against hospitalization/severe
disease against BA.1, BA.2, and BA.4/5, one reported lower VE
against BA.2 and BA.4/5 than BA.1, while the other showed no sta-
tistically significant differences [25,26,31,32]. Among three studies
that compared VE of BA.1/2 combined to VE of BA.4/5, one showed
lower VE against BA.4/5 than BA.1/2 at about � 10 months post
final dose, while the other two showed no statistically significant
difference [21,28,30].

4.2. First booster dose VE by subvariant

The VE of a first booster dose by Omicron subvariant is shown in
Table 2 and Fig. 2. Among 4 studies that compared VE against out-
comes of SARS-CoV-2 infection and/or symptomatic COVID-19 dis-
ease between BA.1 and BA.2, all showed lower VE against BA.2
[26,29,31,33]. Of three studies assessing VE against infection/
symptomatic disease during both BA.1 and BA.4/BA.5 periods,
two showed lower VE against BA.4/5 [25,26,31–33]. Of three stud-
ies assessing VE against infection/symptomatic disease during both
BA.2 and BA.4/BA.5 periods, all showed similar VE estimates or
estimates with overlapping 95 % confidence intervals against both
subvariants [25,26,31–33].

For hospitalization/severe disease outcomes, among three stud-
ies comparing booster VE against BA.1 and BA.2, the VE was lower
against BA.2 than BA.1 in two studies and similar in one study
[24,26,31]. Among three studies comparing VE against BA.1 and
BA.4/5, two showed a lower VE against BA.4/5 [24-26,31,32].
Among three studies comparing VE of BA.2 and BA.4/5, one showed
a lower VE against BA.4/5 and two showed similar VE [24-
26,31,32]. Among three studies that compared VE against BA.1/2
with BA.4/5, one showed a similar VE within the first four months
following a booster dose, but lower VE against BA.4/5 beyond
4 months; one study showed similar VE at all periods; the third
showed lower VE against BA.4/5 than BA.1/2 at all periods, though
confidence intervals overlapped [21,28,30].
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5. Duration of VE against Omicron subvariants

To assess differences in waning of VE over time due to BA.1 and/
or BA.2 compared to BA.4/BA.5, a meta-regression was conducted;
meta-regression methods used were reported previously; p-values
for comparisons between subvariants accounted for within-study
effects [7,34]. Only those studies assessing VE against multiple
subvariants were included in the meta-regression to minimize
the likelihood that any observed difference between subvariants
might be due to inter-study differences in methodology. Where
available for a study, the median time since vaccination among
all individuals contributing to a VE estimate for a particular time
interval since final dose was used in the meta-regression. Where
median time since vaccination were not available, the median time
point of the interval was calculated and used in the meta-
regression (e.g., 52 days would be inputted as the time since final
dose for an interval of 14–90 days; for open-ended time intervals,
such as � 120 days, the median time point between 120 days and
the maximum length of time participants could have been vacci-
nated based on vaccine introduction date and the end date of the
study period was inputted). For the single study that evaluated
VE separately for four different age groups, all age groups were
included in the meta-regression; a sensitivity analysis was con-
ducted including only a single age group (70–79 years) [28]. The
meta-regression was only done for the booster dose VE against
severe disease outcomes; due to a limited number of studies, the
meta-regression was not run for any primary series vaccination
nor for infection and symptomatic disease outcomes for the boos-
ter dose.

Results of the meta-regression show that on average VE of first
booster vaccination for severe disease/hospitalization was lower
against BA.4/5 than BA.1/2 combined (p = 0.007); the average VE
of a first booster dose of mRNA vaccine decreased more quickly
over time against BA.4/5 (average decline from one to six months
of 28.3 percentage points, 95 % CI: 8.9–63.2) than against BA.1,
BA.2 and BA.1/2 (average decline of 11.4 percentage points, 95 %
CI: 3.4–24.8), but the difference in waning over six months was
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not statistically significant (p = 0.17 for difference in waning over
six months) (Fig. 2). Although few (n = 3) studies had data enabling
comparison of VE against BA.1 to BA.2, these studies suggest VE
against BA.2 is lower (p = 0.014), but there was no significant dif-
ference in waning between BA.1 and BA.2 over 6 months (p = 0.21).
6. Interpretation of VE results by Omicron subvariant

Despite some heterogeneity in results, the majority of studies
showed that VE tended to be lower against BA.2 and especially
against BA.4/5 subvariants compared to BA.1, after both the pri-
mary series and the first booster dose. The results were more
mixed when comparing BA.2 and BA.4/5, with some studies show-
ing similar VE results and a few showing lower VE for BA.4/5. No
study reported a higher booster dose VE estimate for BA.4/5 with
non-overlapping confidence intervals compared to BA.1, BA.2, or
BA.1/2 for either symptomatic or severe disease. Although the con-
fidence intervals overlapped, there was a trend towards more rapid
waning of VE after first booster vaccination against severe disease
due to BA.4/5 compared with BA.1/2; more studies are needed to
confirm this.

Possible explanations were discussed for the lower VE against
BA.4/5 (and perhaps BA.2) compared to BA.1 (Table 3). First, the
lower VE against BA.4/5 might reflect greater immune escape. This
explanation is supported by neutralization data that show approx-
imately a two-fold reduction in neutralization comparing BA.4/5 to
BA.1. While neutralization correlates most closely with protection
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against infection and symptomatic disease [35], several studies of
hospitalization/severe disease also showed lower VE for BA.4/5. It
has been postulated that neutralizing antibodies can also protect
against severe disease, albeit at lower concentrations than needed
to protect against symptomatic disease [36], Alternatively, defini-
tions of severe disease that rely solely on hospitalization might
in fact include persons hospitalized with incidental Omicron infec-
tion or exacerbations of underlying illness triggered by SARS-CoV-
2 infection, both of which would result in a lower VE against hos-
pitalization if VE is truly lower against BA.4/5 infection [37].

Several methodological issues and potential biases that might
explain the findings were discussed (Table 3). The fact that BA.1,
BA.2 and BA.4/5 circulated during different periods, with the latter
subvariants usually circulating several months later, creates sev-
eral potential time-variable biases. For example, more time might
have elapsed since the last vaccine dose during the BA.4/5 period,
allowing more time for waning of VE against Omicron infection,
which occurs within a matter of months [7]. For several studies
that evaluated the median time since last dose, indeed the time
since last dose was longer for BA.4/5 compared to BA.1
[25,26,30]. In contrast, in the study from Ontario where differences
in VE between the BA.1/2 and BA.4/5 periods were large, differ-
ences in time since last dose were less than one month between
subvariant periods [28]. Another time-variable bias could be that,
due to the large BA.1 and/or BA.2 waves in many settings, there
was likely high prevalence of recent infection by the time BA.4/5
circulated. This could confer infection-induced immunity, which
would presumably be greater among unvaccinated or under-



Table 3
Reasons for differences in vaccine effectiveness between Omicron subvariants.

Reason How to identify? Potential way to correct bias? Comment

Real difference
Greater immune escape (i.e., BA.4/5 vs. BA.1) Neutralization

supports VE results
Not applicable Likely affects VE for infection/symptomatic disease

more than severe disease (i.e., cellular immunity
more important for severe disease)

Methodological differences
Differences in time elapsed since last

vaccine dose between periods of
subvariant circulation

Compare median
time since last dose
within periods

-Use shorter periods of comparison (e.g.,
1–2 months)
-Adjust for time since last dose in
statistical comparisons of VE

The steeper the waning of VE, the greater the bias
since differences in VE could occur with relatively
small differences in time since vaccination during
different subvariant periods

Infection-induced immunity among
unvaccinated and under-vaccinated
persons differs by subvariant period (i.e.,
depletion of susceptibles bias)

Assess
seroprevalence
during periods of
each subvariant
circulation

Adjust for prior infection in analysis, if
possible, and assess whether there is
confounding or effect modification

-If initial subvariant causes a large wave of infection
(e.g., BA.1), this is likely to affect VE for later
subvariants
–Infection rates higher for unvaccinated than
vaccinated even with Omicron

Differences in testing between subvariant
periods

Assess testing rates
during different
periods

-Adjust for testing rates, if possible
-Assess within a sub-population with
regular testing (e.g. health care workers)

-Affects VE for infection/symptomatic disease more
than severe disease
-TND case-control studies probably less susceptible
to this bias
-Testing likelihood would need to be associated with
vaccine status; direction of bias unclear

Differential force of infection during
different subvariant periods

Assess incidence of
infection during
different periods

Use stricter case definitions for severe
disease and restricted to respiratory
diagnoses, to exclude incidental
infections

-Would affect VE against hospitalization due to
more incidental infections among hospitalized
persons during different subvariant periods

Different vaccinated population during
different subvariant periods (i.e., cohort
effect)

Assess distribution
of characteristics by
subvariant periods

Stratify or restrict analysis by risk group
(e.g., age, comorbidities)

-People vaccinated earlier, , have different risk; for
severe disease (e.g., elderly, comorbidities), or for
infection (e.g., less risky behaviors)

Combining subvariants in analysis that
might have different VE

Assess proportion of
subvariants in
combined group
(e.g., BA.1/2)

-Do separate VE estimates by subvariant,
when feasible
-Define subvariant predominant periods
when high percentage of infections due
to a single subvariant (e.g., >90 % rather
than >51 %)

-Real or methodological difference in individual
subvariant VE can distort combined VE
-Different proportions of subvariant by site can
make comparisons of studies difficult

Abbreviations: TND, Test-negative design.
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vaccinated (e.g., primary series only) persons, who would be more
susceptible to infection in the initial BA.1 wave. This so-called ‘‘de-
pletion of susceptibles” could lead to spuriously lower VE esti-
mates during the BA.4/5 period [38]. In the one VE study that did
provide data on prior infection, the percentage of people infected
between the BA.1/2 and BA.4/5 periods increased more among
unvaccinated persons (from 15 % to 39 %) than among vaccinated
persons (from 14 % to 25 %) [31,32]. However, individual-level data
on prior infection are becoming increasingly difficult to ascertain
in VE studies due to lack of testing, no systematic reporting of
home-based test results, remote infections, and multiple infec-
tions. Some studies have shown higher seroprevalence in the gen-
eral population during the BA.4/5 period than during periods of
BA.1/BA.2 predominance [39,40]. Several other potential biases to
explain differences in VE by Omicron subvariant, along with sug-
gestions for how to correct or reduce them, are described in Table 3.
Because post-vaccination neutralization was similar for BA.1 and
BA.2, it is possible that the lower VE against BA.2 reflects the con-
tribution of methodological issues, whereas the lower VE against
BA.4/5 is explained by a mixture of immunological and method-
ological reasons.

The possibility of faster waning against severe disease caused
by BA.4/5 than BA.1 is somewhat surprising given that vaccine pro-
tection against severe disease has been shown to wane much less
rapidly than against symptomatic infection [7,34]. It is possible
that the waning against severe disease caused by BA.4/5 reflects
a larger impact of the methodological biases at more distant time
intervals from vaccination. Additionally, a larger percentage of hos-
pitalizations during the Omicron period likely had incidental,
rather than causal, infections with SARS-CoV-2, and infections
would be more affected by true waning of VE [37,41].
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7. Summary and conclusions

VE studies that evaluated several Omicron subvariants and dis-
ease outcomes showed a heterogeneity of findings. Moreover,
many subvariant-specific VE estimates had wide and overlapping
confidence intervals. Nonetheless, the majority of studies showed
that VE tended to be lower against both BA.2 and especially against
BA.4/5, than against BA.1. The results were more mixed when com-
paring BA.2 and BA.4/5, with some studies showing similar VE
results and a few showing lower VE against BA.4/5. Given these
findings, it is advisable to analyze VE of Omicron subvariants
BA.1, BA.2 and BA.4/5 separately, when possible, defining
subvariant-specific VE based on testing results (i.e., sequencing
or S-gene target failure) or periods of clear subvariant predomi-
nance. The explanations for the lower VE against BA.2 and BA.4/5
include both immunological factors (i.e., more immune escape
with BA.4/5) and methodological issues (e.g., biases related to dif-
ferences in the timing of subvariant circulation). If possible,
researchers should report the median time of each time interval
since the last dose for which VE is estimated to assess the potential
for differential amounts of waning by subvariant. Of note, despite
the generally lower VE against BA.4/5, vaccines do provide some
degree of protection against this subvariant, at least for a few
months against infection/symptomatic disease, and for longer
duration against severe disease. Newer subvariants of Omicron
(e.g., BQ.1.1, XBB) are emerging and becoming predominant in
some locations [13,42]. Neutralization data suggests some of these
new subvariants have even more immune escape than the original
BA.5 subvariant [43,44]. Moreover, the time since the last vaccine
dose will likely be even greater for these newer Omicron subvari-
ants than for BA.4/5. Results of future VE studies of these new sub-
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variants are needed and should be interpreted considering both
immunological and methodological factors. Moreover, vaccine
effectiveness against Omicron subvariants of variant-containing
bivalent vaccines might be different than that of the ancestral virus
monovalent vaccines presented in this meeting; this question
needs to be evaluated in future studies. While the VE data pre-
sented at this meeting concerned the original Omicron variant
and its subvariants, the same interpretation of VE data would likely
apply for a future new variant of concern that spawns subsequent
waves of subvariants over time.
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